obesity [11] . Obesity seems to be a central metabolic risk factor (MetRF) because insulin resistance, which is generally related to obesity, represents a potential pathophysiologic linking among the MetRFs. In this context, obesity, which may be represented by abdominal adiposity and increased waist circumference, is included as an essential factor for the diagnosis of MetS by the International Diabetes Federation (IDF) and the Japanese Examination Committee for Criteria of Metabolic Syndrome [12, 13] . Obesity is also considered as non-essential, or one of five major factors, in the criteria developed by the National Cholesterol Education Program Adult Treatment Panel III (NCEP ATPIII) and the American Heart Association/National Heart, Lung, and Blood Institute (AHA/NHLBI) [14, mize such possibility of false-positive results.
We here examined the association of lifestyle factors with a clustering of MetRFs in non-obese subjects in a relatively large population of Japanese subjects to determine whether the lifestyle factors associated with a clustering of MetRFs differed between non-obese and obese subjects using the questionnaires described above with limited numbers of variables. In the study, obesity was defined according to BMI instead of waist circumference, which is normally used as criterion for assessing MetS, since waist circumference was not measured in many subjects. We also sought to determine the potential therapeutic targets for lifestyle interventions, if any, those may be specific for non-obese subjects with a clustering of MetRFs.
subjects and Methods

Subjects
The Takahata study is a population-based cross-sectional study of Japanese people ≥ 40 years old that was performed to determine risk factors for lifestyle-related conditions, including diabetes and obesity [18, 19] . Takahata is an agricultural and suburban area about 300 km north of Tokyo. In 2005, there were 15,819 people aged ≥ 35 years living in Takahata. The study cohort consists of subjects recruited from participants in the regular health check-up program for residents. Between 2004 and 2005, 3,165 residents participated in the Takahata study. Of these, 1,601 subjects (age: 61.9±10.3 years; 710/891 men/women) who completed questionnaires recording physical activity status were included in this study. In men, clinical characteristics including age, BMI, and those related to MetRFs were not different between the subjects and those of the participants who were not included in the study, while these clinical characteristics were different between them in women (e.g. age: 61.2±10.2 vs. 64.5±9.8 years, P< 0.0001; BMI: 23.3±3.4 vs. 23.8±3.5, P= 0.0037). This study was approved by the Ethics Committee of the Yamagata University School of Medicine, and written informed consent was obtained from all of the participants. This study did not breach Declaration of Helsinki.
Study design
The subjects were stratified according to body mass index (BMI) as non-obese (BMI < 25 kg/m 2 , 483/640 men/women) or obese (BMI ≥ 25 kg/m 2 , 227/251 men/ women) as previously described [20] . The subjects 15] . Therefore, since the diagnosis criteria for MetS differ in terms of obesity as an essential/non-essential factor, the characteristics of subjects included in studies examining the associations between lifestyle factors and MetS differed substantially, depending on the diagnostic criteria used. In particular, in some studies, nonobese subjects were not considered as having MetS, even though they had multiple MetRFs, whereas, in others, some of the subjects defined as having MetS were not obese. Consequently, the results of these studies showed different associations between lifestyle factors and MetS [1] [2] [3] [4] [5] [6] [7] [8] .
Although the pathogenesis of MetS is not well understood, it is largely attributable to lifestyle factors. For example, low physical activity levels and excessive energy intake were reported to be associated with obesity and MetS [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . Therefore, such lifestyle factors seem to be ideal therapeutic targets for obesity and MetS. However, to our knowledge, no study has examined the associations between lifestyle factors with obesity and MetS separately. As described above, in studies that applied diagnosis criteria with obesity as an essential factor, all the subjects with MetS were obese. Therefore, in these studies it is possible that some factors might be associated with obesity rather than MetS itself. Conversely, in studies that used diagnosis criteria in which obesity is a non-essential factor, the lifestyle factors reported as being associated with MetS might include factors associated with a clustering of non-essential MetRFs in non-obese subjects and/ or with MetS itself. To our knowledge, no study has examined the lifestyle factors associated with a clustering of MetRFs in non-obese subjects separately from those in obese subjects.
Lifestyle factors, such as physical activity and energy intake, have been assessed in epidemiological studies most commonly by questionnaires. In such studies, accuracies of the questionnaires are fundamental. The Japan Arteriosclerosis Longitudinal Study Physical Activity Questionnaire (JALSPAQ) and the brief selfadministered diet history questionnaire (BDHQ) were established for Japanese adults [16, 17] and, thus, seem to be suitable for epidemiological studies with Japanese subjects. However, these questionnaires, particularly, the BDHQ, provide large numbers of variables, and, thus, when they were used for exploratory purposes, the consequences may have resulted in false-positive results due to multiple comparisons. Limiting the variables to those of interest may be appreciated to mini-occupational work, housework, and leisure-time physical activity. A study using the doubly labeled water method, which is often used as the gold standard to validate a physical activity questionnaire revealed that, although the JALSPAQ underestimated total energy expenditure more frequently at higher physical activity levels, it estimated total energy expenditure relatively well compared to most other questionnaires reviewed by Neilson and colleagues [24, 25] . Physical activities were also defined on the basis of the intensity of physical activity as light (< 3.0 MET), moderate to vigorous (≥ 3.0 MET), and vigorous (≥ 6.0 MET) intensity.
Daily nutritional intake was assessed in 661/828 men/women using the BDHQ. The BDHQ is the brief version of self-administered diet history questionnaire (DHQ), which is invented to assess Japanese diet and, use both the food frequency and diet history methodologies over the preceding 1 month [17] . Although dietary questionnaires do not necessarily estimate true food intake, satisfactory validity of the BDHQ among adult Japanese has been reported for a wide range of food groups [26] . Furthermore, satisfactory correlations between the BDHQ and the 16-day semi-weighed dietary records have been reported for the intakes of most nutrients including protein, fat, carbohydrate, salt, and alcohol [27] .
Statistical analysis
StatView software (StatView-J 5.0, SAS Institute Inc., NC, USA) was used for all analyses. Data are presented as means ± SD. The statistical significance of the differences in continuous variables and categorical variables between subjects with or without a clustering of MetRFs was assessed by analysis of variance (ANOVA) and χ 2 tests, respectively. The differences in salt and alcohol intakes were assessed after adjusting for total energy intake (per 1000 kcal). The association between physical activity status and clustering of MetRFs was examined by analysis of covariance (ANCOVA) adjusted for age and BMI. Multiple logistic regression analyses were used to examine the independent association between physical activity status and clustering of MetRFs, adjusted for possible confounding factors, including total energy intake and alcohol intake. For statistical analyses, serum adiponectin and urine albumin levels were log-transformed (log10) to approximate a normal distribution. Values of P < 0.05 were considered statistically significant.
were also divided into those with or without a clustering of MetRFs, defined as the presence of at least two of the following three non-essential risk factors for the diagnosis of MetS in Japan: (1) The following clinical characteristics were also analyzed: height, body weight, FPG, fasting serum insulin (FSI), glycohemoglobin (HbA1c), BMI, SBP, DBP, serum levels of total cholesterol (TC), TG, HDL-C, uric acid, and adiponectin, urine albumin levels, and homeostasis model assessment insulin resistance calculated from FPG and FSI (HOMA-R). Subjects with FPG ≥ 140 mg/dL (n = 98) were excluded from the analysis of HOMA-R. HbA1c is presented as a National Glycohemoglobin Standardization Program (NGSP) equivalent value (%), calculated using the formula HbA1c (%) = HbA1c (The Japan Diabetes Society [JDS], %) + 0.4%, considering the relational expression of HbA1c (JDS, %) measured by the previous Japanese standard substance and measurement methods and HbA1c (NGSP, %) [21] . Albuminuria was defined as urine albumin levels ≥ 30 mg/gCr. Diabetes was defined based on the 1998 World Health Organization criteria (FPG ≥ 126 mg/dL) [22] . In subjects whose FPG was not measured, diabetes was defined as postprandial glucose ≥ 200 mg/dL. Subjects with HbA1c levels ≥ 6.5% or receiving anti-diabetic drugs were also defined as diabetic. Subjects known to have type 1 diabetes were excluded from the study. Hypertension was defined as BP ≥ 140/90 mmHg or current treatment for hypertension. Hyperlipidemia was defined as TC ≥ 240 mg/dL, TG ≥ 150 mg/dL, or current treatment for hyperlipidemia.
Assessments of current physical activity status and daily nutritional intake
Current physical activity status was assessed using the JALSPAQ, in which total energy and activityspecific energy expenditure are quantified in terms of metabolic equivalents (METs) (metabolic equivalent (MET)•h)/day [23, 24] . The JALSPAQ was developed using data from physical activity records for the Japanese population and includes detailed questions on insulin resistance and MetS is well established [4] [5] [6] . Since obese subjects with a clustering of MetRFs are the same as those with MetS, the associations between insulin resistance indices (i.e., FSI and HOMA-R) and clustering of MetRFs were expected and were observed in obese subjects (Men: FSI and HOMA-R, P < 0.001; Women: FSI, P = 0.002; HOMA-R: P < 0.001). However, similar associations were also observed in non-obese subjects (all, P < 0.001), even though the non-obese subjects with a clustering of MetRFs were not considered to have MetS.
Serum adiponectin levels, which are negatively correlated with insulin resistance and obesity, were significantly lower in men and women with a clustering of MetRFs than in those without, even though the subjects were not obese (P < 0.001). Although serum adiponectin levels appeared to be lower in obese subjects compared with those in non-obese subjects, the differences in serum adiponectin levels between the subjects with and without a clustering of MetRFs were not statistically significant in obese men or women (P = 0.056 and P = 0.266, respectively). Urine albumin levels and the prevalence of albuminuria were significantly higher in subjects with a clustering of MetRFs than in those with-
results
Prevalence of a clustering of MetRFs in non-obese and obese subjects
As shown in Fig. 1 , although the prevalence of each MetRF was significantly lower in non-obese subjects than in obese subjects (elevated TG and/or reduced HDL-C: 23.2% vs. 34.5%, P < 0.0001; elevated BP: 65.2% vs. 81.4%, P < 0.0001; elevated FPG: 9.8% vs. 14.2%, P = 0.0099), the relative proportion of these factors in non-obese subjects was similar to that in obese subjects (P = 0.2764). Although the prevalence of a clustering of MetRFs in non-obese subjects was significantly lower than that in obese subjects (23.2% vs. 36.6%, P < 0.0001), it was substantial, even in nonobese subjects.
Clinical characteristics of non-obese and obese subjects with a clustering of MetRFs
The clinical characteristics of the non-obese and obese subjects are shown in Tables 1 and 2 for men (gross intake: P = 0.034; adjusted intake: P = 0.023), but not in non-obese men. However, the proportions of macronutrient intakes were not different between those with or without a clustering of MetRFs in either nonobese or obese men. Similarly, total energy expenditure tended to be lower in non-obese (35.0 ± 5.0 vs. 36.3 ± 6.3 MET•h/day, P = 0.083) and obese (34.4 ± 5.3 vs. 35.9 ± 6.1 MET•h/day, P = 0.056) men with a clustering of MetRFs than in those without. Notably, energy expenditure at work was significantly lower in non-obese (9.0 ± 8.2 vs. 11.3 ± 9.3 MET•h/day, P = 0.025) and obese (9.0 ± 7.9 vs. 11.6 ± 9.4 MET•h/day, P = 0.017) men with a clustering of MetRFs. Since the mean age was relatively old (61.9 years), the frequencies of subjects without work (occupation) might affect the results described above. However, the frequenout (52.9 ± 291.7 vs. 23.9 ± 68.8 mg/gCr, P = 0.002; 19.4 vs. 13.4%, P = 0.003, respectively). However, these differences were not statistically significant when the subjects were stratified by sex and obesity status, except in non-obese females (P < 0.001) ( Tables 1 and 2 ).
Comparison of lifestyle factors between subjects with and without a clustering of MetRFs stratified by obesity status
We also examined the differences in lifestyle factors between subjects with and without a clustering of MetRFs for non-obese and obese subjects separately (men, Table 3 ; women, Table 4 ). In men (Table 3) , total nutritional intake (gross intake and adjusted for body weight) were significantly lower in obese men with a clustering of MetRFs than in those without Data are means ± SD or n (%).
a Subjects with FPG > 140 mg/dL were excluded (non-obese: n = 16 and 15 for 0 or 1 MetRFs and 2 or 3 MetRFs, respectively; obese: n = 6 and 14 for 0 or 1 MetRFs and 2 or 3 MetRFs, respectively).
b Urinary albumin levels were not measured in some non-obese subjects (n = 3 and 1 for 0 or 1 MetRFs and 2 or 3 MetRFs, respectively). Serum adiponectin and urine albumin levels were log-transformed for statistical analyses. Differences in the continuous and categorical variables were analyzed by ANOVA and χ 2 tests, respectively.
analysis revealed a significant association between these two factors, after adjusting for age, BMI, alcohol intake, and total energy intake. The odds ratios (OR) (per 1 METs) were 0.972 (95% confidence interval [CI]: 0.945-0.999; P = 0.044) and 0.961 (95% CI: 0.925-0.998; P = 0.039) in non-obese and obese men, respectively (Table 5) . Alcohol intake was significantly higher in non-obese men with a clustering of MetRFs than in those without (P < 0.001), but was not significantly different in obese men (P = 0.411) ( Table 3) . Multiple logistic regression analysis showed that, in non-obese subjects, alcohol intake was significantly associated with the clustering of MetRFs after adjusting for age, BMI, total energy intake, and energy expenditure at work with an OR (per 10 g/week) of 1.022 (95% CI: 1.007-1.037; P = 0.005). This association was further confirmed in an cies of subjects without work were not significantly different between the subjects with or without a clustering of MetRFs in either non-obese (26.3 vs. 22.6%, P = 0.387) or obese (28.3 vs. 24.4%, P = 0.520) subjects. Furthermore, in the subjects with work, energy expenditure at work was similarly significantly lower in non-obese (12.3 ± 7.2 vs. 14.7 ± 7.9 MET•h/day, P = 0.010) and obese (12.6 ± 6.5 vs. 15.4 ± 7.8 MET•h/day, P = 0.007) men with a clustering of MetRFs. We also examined the effects of physical activity intensity on the association between energy expenditure and clustering of MetRFs in men. However, we found no differences in values between subjects with or without a clustering of MetRFs in either non-obese or obese subjects.
We next determined the association between energy expenditure at work with the clustering of MetRFs in men by multiple logistic regression analysis. This Subjects with FPG > 140 mg/dL were excluded (non-obese: n = 21 and 10 for 0 or 1 MetRFs and 2 or 3 MetRFs, respectively; obese: n = 10 and 6 for 0 or 1 MetRFs and 2 or 3 MetRFs, respectively). Serum adiponectin and urine albumin levels were log-transformed for statistical analyses. Differences in the continuous and categorical variables were analyzed by ANOVA and χ 2 tests, respectively. 0.942 Data are means ± SD. Intakes of macronutrients are expressed by % total energy consumption. Differences between subjects with 0 or 1 and 2 or 3 MetRFs were analyzed by ANOVA adjusted for age and BMI.
Discussion
Here, we showed that MetRFs were frequently clustered, even in non-obese subjects (Fig. 1) , and that subjects with a clustering of MetRFs were often insulin resistant and had lower serum adiponectin levels compared with subjects without a clustering of MetRFs, even though the former group were not obese (Tables 1  and 2 ). These results indicate that non-obese subjects with a clustering of MetRFs are at increased risk of CVD, as are obese subjects with a clustering of MetRFs, in other words subjects with MetS. Therefore, identifying lifestyle factors associated with the clustering of MetRFs is important in non-obese subjects as well as in obese subjects, since it may help us to develop potential interventions to prevent CVD in non-obese individuals. Therefore, we examined the associations between lifestyle factors and clustering of MetRFs in non-obese and obese subjects separately.
In men, energy expenditure, particularly at work, was significantly lower in subjects with a clustering of MetRFs than in those without (Table 3) . However, total energy intake was significantly lower in men with a clustering of MetRFs than in those without (Table 3) . These results appear to be contradictory. Indeed, both lower physical activity and excess energy intake were reported to be associated with the MetS [8] [9] [10] [11] [28] [29] [30] [31] . MetS is, as described above, essentially obesity in combination with a clustering of other MetRFs. Therefore, greater energy intake and lower physical activity were expected in the subjects with a clustering of MetRFs as compared with subjects without a clustering of MetRFs, in the obese group and potentially in the non-obese group. Unexpectedly, we found that energy intake in analysis in which the non-obese men were stratified into four categories of alcohol (none; light: 1-139 g/week; heavy: 140-279 g/week; very heavy: ≥ 280 g/week). In these four categories, the prevalence of a clustering of MetRFs was 22.8% (n = 29/98), 26.6% (n = 33/91), 30.0% (n = 36/84), and 38.3% (23/37), respectively (P for trend = 0.027 ; none vs. very heavy: P = 0.027).
In women (Table 4) , we found no significant differences in lifestyle factors between those with or without a clustering of MetRFs, in either non-obese or obese women. The frequencies of subjects without work were higher in the subjects with a clustering of MetRFs than those without in non-obese (51.2 vs. 41.1%, P = 0.041) or obese (53.0 vs. 41.7%, P = 0.089) subjects. However, in the subjects with work, energy expenditures at work were not significantly different between the subjects with or without a clustering of MetRFs in non-obese (9.5 ± 7.0 vs. 11.6 ± 6.8 MET•h/day, P = 0.111) and obese (10.2 ± 8.3 vs. 11.4 ± 7.3 MET•h/day, P = 0.611) women. Since women expended a greater proportion of energy during housework, we summed energy expenditure for work and housework. The resulting summed energy expenditure was significantly lower in non-obese women with a clustering of MetRFs than in those without (11.2 ± 7.4 vs. 14.1 ± 8.7 MET•h/ day, P = 0.036), but not in the obese women (12.3 ± 8.4 vs. 13.9±8.4 MET•h/day, P = 0.616). Multiple logistic regression analysis also supported the association between summed energy expenditures and the clustering of MetRFs in non-obese women (OR: 0.956; 95% CI: 0.932-0.981; P < 0.001), although the association became marginal following adjustment for age, BMI, total energy intake, and alcohol intake (OR: 0.974; 95% CI: 0.947-1.002; P = 0.068) ( Table 5) . lower physical activity is weakly associated with the clustering of MetRFs, but that no lifestyle factor is markedly associated with the clustering of MetRFs in obese women.
The urine albumin level, a known risk factor for CVD [36, 37] , was not significantly higher in none-obese males with a clustering of MetRFs compared with those without. This result does not fully support the concept that subjects with a clustering of MetRFs are at risk for CVD, even though they were not obese. However, because of the relatively small number of subjects included in this analysis and the cross-sectional nature of the study, our results do not reject this concept.
The effects of physical activity and energy intake on MetS have been examined in numerous studies [8] [9] [10] [11] [29] [30] [31] [32] . However, few studies have examined their effects in non-obese subjects with a clustering of MetRFs. Here, we showed that non-obese men with a clustering of MetRFs may be at increased risk of CVD because of their lower physical activity, but not excessive energy intake, compared with those without. These findings convey an important message that interventions aimed at increasing physical activity rather than focusing on decreasing energy intake is more important to prevent the clustering of MetRFs in non-obese Japanese men. In this context, an about 3% decrease in the risk of a clustering of MetRFs by 1 METs increase in physical activity shown here by the multiple logistic regression analysis seems to have a practical importance. One METs physical activity corresponds to 20 minutes moderate physical activities such as walking, fishing and housecleaning, which seem to be easy to be done. Furthermore, one can increase physical activity more than 1 METs without much effort. Therefore, interventions aimed at increasing physical activity to decrease the risk of a clustering of the MetRFs seem to be effectively performed in the practical settings, although effects of such interventions has to be evaluated in the future.
This study has several strengths and limitations that need to be mentioned. In terms of its strengths, we assessed physical activity and energy intake, both of which were incorporated into statistical models as potential confounding factors. The sample size was also relatively large and consisted of a 'general' population of Japanese individuals. In terms of the limitations, physical activity and energy intake were assessed by questionnaires, although both questionnaires were well validated in prior studies. More presubjects with a clustering of MetRFs was actually lower in both the non-obese and obese groups. Consequently, these results can be explained by the assumption that the lower energy intake was still in excess taking into account the individual's needs based on the low physical activity and clustering of MetRFs. In fact, multiple logistic regression analyses showed that energy expenditure at work was significantly associated with clustering of MetRFs after adjusting for possible confounding factors, including total energy intake, in non-obese and obese subjects (Model 2 in Table 3 ). An association of the MetS with lower physical activity but not excessive energy intake was also reported in Japanese subjects [29] . Together, it seems that lower physical activity, rather than excessive energy intake, is the predominant risk factor for the clustering of MetRFs in non-obese Japanese males.
Alcohol intake was significantly higher in nonobese males with a clustering of MetRFs than in those without (P = 0.005), but was not significantly different in obese males (P = 0.935). Similarly, the analysis of non-obese males stratified into the four groups based on alcohol consumption (none, light, heavy, and very heavy) showed a positive linear association between the amount of alcohol intake and the clustering of MetRFs. Both analyses indicate that increasing alcohol intake increases the risk of clustering of MetRFs in non-obese Japanese males. However, earlier studies of MetS have shown a J-shaped relationship between alcohol intake and the risk of MetS [31] [32] [33] . Indeed, light alcohol consumption was actually associated with a lower risk of MetS [32] [33] [34] , while very heavy alcohol consumption was associated with a substantial increase in the risk of MetS [35] . The differences in the relationship between alcohol intake and the risk of clustering of MetRFs might be related to differences in obesity status of the subjects, namely, non-obese versus obese. Differences in types of alcoholic beverages consumed (e.g., beer, wine, and sake) might also affect the results [29, 32] . Further studies are needed to confirm the nature of the relationship between alcohol intake and the risk of clustering of MetRFs in nonobese subjects.
In women, we found a weak association between energy expenditure and clustering of MetRFs in nonobese subjects, but not in obese subjects. Conversely, energy intake was not associated with clustering of MetRFs in either non-obese or obese women. These results suggest that, in non-obese Japanese females, study subjects, at least, in men. Enlarging the sample size may validate the results. The final limitation is that this was a cross-sectional study. Therefore, we cannot evaluate the cause-effect relationship for observed associations. Prospective studies that capture these data over a period of time are needed to overcome these limitations.
In conclusion, lower physical activity, but not excessive energy intake, was the predominant lifestyle risk factor for a clustering of MetRFs in Japanese males, independent of their obesity status. Our findings warrant prospective examination to confirm whether the association between lower physical activity and clustering of MetRFs in non-obese subjects is also apparent in other populations/ethnicities. cise, objective assessment of these factors might provide different results, which warrant confirmation in future studies. Furthermore, these questionnaires may harbor problems in multiple comparisons, since they, especially the BDHQ, provide large numbers of variables. In the study, we selected macronutrients, and, salt, and alcohol, which are known to be associated with MetS [31-35, 38, 39] , from many such nutritional variables and included 8 variables for physical activities provided by the JALSPAQ. However, although the numbers of variables used were insubstantial, the results reported here could be consequences of chance findings due to multiple comparisons, and, thus, studies specifically targeted to variables of interest seem to be awaited. We also defined obesity according to BMI, whereas waist circumference is normally used as criterion for assessing MetS. Considering that BMI and waist circumference are well correlated, different results may have been obtained had we defined obesity according to waist circumference rather than BMI. Unfortunately, we did not measure waist circumference in many subjects, preventing us from examining this possibility. The participation rate was low (10.1%) and, thus, the subjects might not represent whole population. However, the lack of difference in most of the clinical characteristics observed between the male subjects and the male participants who were not included in the study indicates no obvious selection bias in the references
